The trend of modern clinical biochemistry is to emphasize the composition and the quality of lipoproteins over their quantity. The serum lipoprotein fractions and subfractions were analyzed by the Lipoprint Lipoprotein Subfractions Testing System, the parameters of lipid profile, as total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C) and triacylglycerides (TAG) were determined by an automated selective biochemical analyzer. Our results showed a significantly lower concentration of cholesterol in the LDL fractions 1 and 2 and in the HDL fractions 8 to 10 in Roma compared to the majority population. The most significant differences between Roma and the majority population when considering body mass index (BMI), waist-to-hip ratio and the index of central obesity were in very low-density lipoproteins (VLDL), intermediate-density lipoproteins, fraction A (IDL-A) and LDL-2. The last two listed were significantly higher in the majority population. VLDL was significantly higher in overweight or obese Roma men and in Roma men with central obesity compared to men from the majority population, as well as in Roma women with normal weight and physiological waist-to-hip ratio compared to the women from majority population. Our study is among the first describing the distribution of lipoprotein subfractions in different ethnic groups.
Introduction
Lipoproteins are complex particles containing multiple proteins and lipids aimed at transporting fats throughout the organism. In addition to the doubtless importance of lipoproteins in fat absorption, utilization and cholesterol distribution, there is strong evidence that lipoproteins play substantial, but due to their different composition, varying roles in atherosclerosis. Nowadays, different methods are used for the fractionation of lipoproteins and for measuring cholesterol in the respective lipoprotein fractions and sub-fractions. These methods are based on continuous gradient ultracentrifugation, gradient or non-gradient gel electrophoresis, nuclear magnetic resonance and vertical analytical profiling. The idea of all these methods follows the first system of lipoprotein classification, designed by
Materials and Methods
The analysis of the lipoprotein fractions and subfractions in fasting serum with a TC of over 2.59 mmol/L (100 mg/dL) was carried out on the Lipoprint Lipoprotein Subfractions Testing System (Quantimetrix, Redondo Beach, CA, USA). Principle of operation: lipoproteins are stained with a lipophilic dye and separated using a high resolution electrophoretic equipment on a linear polyacrylamide gel. The resolved bands of lipoprotein fractions and subfractions are scanned by digital scanner. The generated image is analyzed using Lipoware software (version 1.82, Quantimetrix, Redondo Beach, CA, USA) to calculate the cholesterol level for each of the fractions. Liposure control material was used to monitor accuracy and precision.
The parameters of lipid profile, as TC, LDL-C, high-density lipoprotein-cholesterol (HDL-C) and triacylglycerides (TAG) were determined using the selective biochemical analyzer ADVIA 2400 (Siemens Healthcare GmbH, Erlangen, Germany) in the accredited biochemical laboratory Medirex (Medirex Group, Košice, Slovakia).
Project Participants
Probands (n = 166) were selected from adult participants of the cross-sectional population-based HepaMeta project [3] conducted in eastern Slovakia. In addition to monitoring the occurrence of viral hepatitis, the project was tasked with mapping the incidence of metabolic syndrome in the population living in separated and segregated Roma settlements compared to the majority population. In our study, 68 Roma (34 men and 34 women) aged 38 ± 9 years formed the study group, while the control group consisted of 98 non-Roma participants (49 men and 49 women) aged 36 ± 7 years. Study participants responded to a questionnaire developed by Roma health mediators and community workers, public health experts and academics. Affiliation to the Roma ethnic group was established based on replies to the questionnaire used.
The fasting blood samples were taken by trained medical personnel in the clinics of the cooperating general practitioners. The lipid profile of the respondents was mapped by determining the serum levels of TC, LDL-C, HDL-C and TAG and calculating the atherogenic index of plasma (AIP) combined with the determination of the fractions and subfractions of lipoproteins. The same personnel performed the anthropometric measurements on the participants: body weight and height, waist circumference (WC) and hip circumference (HC) using standardized equipment and procedures. The reference values of the serum lipid parameters are listed in Table 1 . Table 1 . Reference values of serum lipid parameters and anthropometric variables.
Variable
Reference Values Body mass index (BMI) was calculated as the body weight (BW) in kg divided by squared body height (BH 2 ) in square meters:
The index of central obesity (ICO) was calculated as WC in centimeters divided by BH in centimeters:
The waist-to-hip ratio (WHR) was calculated as WC in centimeters divided by HC in centimeters:
AIP was calculated as logarithmically transformed ratio of molar concentrations of TAG to HDL-C:
Differences between group means were performed using a two-sample t-test, assuming equal variances. The strength of the linear relationship between the two variables was expressed by the Pearson correlation coefficient; a p value < 0.05 was estimated as being statistically significant. Means and standard deviations are reported in terms of the original distributions.
The study was approved by the Ethics Committee of the Faculty of Medicine, P. J. Šafárik University in Košice (No. 104/2011). Detailed information about our study and its procedures was given to all respondents, and informed consent was obtained prior to the medical examination.
Results
The participants were selected to be representative of people with physiological and pathological values of lipid profile. Whereas the HDL-C values of the study group determined by the biochemical analyzer were significantly lower compared to the control group (p = 0.046, Table 2 ), detailed fractionation of the lipoproteins was executed. A lower concentration of the atherogenic HDL fractions 8 to 10 in the study group compared to the control group (p = 0.003, Table 3 ) was confirmed. Despite the statistically significant difference in the non-atherogenic LDL-C fractions 1 and 2 between the study group and the control group (p = 0.045, Table 3 ), no significant difference was detected in the total LDL-C between the mentioned groups (p = 0.368, Table 2 ). Anthropometric variables: body weight and height, WC and HC, as well the subsequently determined data of WHR, are summarized for men and women separately due to different expected and/or cut-off values (Table 4) . Roma men and women in the study group are significantly shorter in height (p < 0.001, both) and have significantly lower body weight (p = 0.030 and 0.006, for men and women, respectively) compared to the majority population in the control group. The average values of WHR in Roma men and Roma women, but not in participants from the majority population, were above the cut-off values. Nevertheless, no significant differences in BMI or WHR values (the most widely used determinants of obesity) between the study group and the control group were recorded. Moreover, the index of central obesity in women was significantly higher in the study group compared to the control group (p = 0.011, Table 4 ). Both BMI and WC correlated significantly with TAG and HDL-C in the whole group. The inappropriateness of BMI as a marker of obesity was reported in Roma women, as no significant correlation was detected between BMI and either TC or LDL-C. Despite the pathological average values of ICO in Roma (0.6 ± 0.1 both in men and women, Table 4), significant correlation was detected between ICO and the lipid profile parameters in Roma men, but not in Roma women (Table 5 ). and LDL-2, p = 0.005 and p < 0.001, respectively). Concentrations of VLDL did not vary significantly in the control group men based on their BMI (Figure 1) . In women with physiological BMI values, significant differences between the study group and control group were detected in VLDL (p = 0.049) and in intermediate HDL fractions 4-7 (p = 0.009). While in men VLDL levels were higher in the control group compared to the study group, in study group women significantly higher values of VLDL were observed compared to the majority population. No significant differences were detected between women with pathological BMI values between the study and the control group, except LDL-3 values, which were significantly higher in the control group compared to the study group (p = 0.042). Significant differences in lipoprotein fractions were not detected even among Roma women with physiological and pathological BMI values, whereas in the control group significant differences were observed in VLDL (p = 0. In women with physiological BMI values, significant differences between the study group and control group were detected in VLDL (p = 0.049) and in intermediate HDL fractions 4-7 (p = 0.009). While in men VLDL levels were higher in the control group compared to the study group, in study group women significantly higher values of VLDL were observed compared to the majority population. No significant differences were detected between women with pathological BMI values between the study and the control group, except LDL-3 values, which were significantly higher in the control group compared to the study group (p = 0.042). Significant differences in lipoprotein fractions were not detected even among Roma women with physiological and pathological BMI values, whereas in the control group significant differences were observed in VLDL (p = 0. Differences in lipoprotein fractions in men with physiological values of WHR (WHR < 0.90) were observed in IDL-B (p = 0.024) and IDL-A (p = 0.039), with significantly higher values in the control group compared to the study group, similar to the BMI-dependent results. In men with pathological WHR, the concentration of cholesterol in fractions IDL-A (p = 0.014), HDL-6 (p = 0.002), HDL-7 (p = 0.001) and HDL-8 (p = 0.008) were different between the representatives of the study group and the control group. No significant difference was recorded between men with physiological and pathological WHR in the fractions, either in the study group or in the control group, except in the concentrations of IDL-C in the study group, which was significantly higher in Roma men with pathological values of WHR (p = 0.036) compared to those with physiological WHR (Figure 3) .
Based on this finding, WHR in men does not appear to be a good parameter reliably indicating a predisposition to cardiovascular disease. Roma women with physiological WHR (WHR < 0.85) possessed significantly higher VLDL (p = 0.045) and significantly lower HDL-1-7 fractions (p = 0.016) compared to women with physiological WHR in the control group. Comparing to women with pathological WHR, majority women had significantly higher levels of IDL-C (p = 0.030), LDL-2 (p = 0.015) and LDL-3 (p = 0.026). While no significant differences were observed in lipoprotein fractions among Roma women classified based on WHR, women in the control group with pathological WHR had significantly higher IDL-C (p < 0.001), LDL-2 (p = 0.003) and LDL-3 (p = 0.007) compared to the control group women with physiological WHR (Figure 4) . Based on this finding, WHR in men does not appear to be a good parameter reliably indicating a predisposition to cardiovascular disease. Roma women with physiological WHR (WHR < 0.85) possessed significantly higher VLDL (p = 0.045) and significantly lower HDL-1-7 fractions (p = 0.016) compared to women with physiological WHR in the control group. Comparing to women with pathological WHR, majority women had significantly higher levels of IDL-C (p = 0.030), LDL-2 (p = 0.015) and LDL-3 (p = 0.026). While no significant differences were observed in lipoprotein fractions among Roma women classified based on WHR, women in the control group with pathological WHR had significantly higher IDL-C (p < 0.001), LDL-2 (p = 0.003) and LDL-3 (p = 0.007) compared to the control group women with physiological WHR (Figure 4) . In women with pathological ICO, no significant differences were recorded between representatives of the study group and the control group, except in the concentration of LDL-2 (p = 0.041). The difference in VLDL between women based on the ICO parameter was more pronounced in the control group (p = 0.007) compared to the study group (p = 0.041), and both were statistically significant. An ICO-dependent comparison pointed to significant differences in IDL-C, LDL-2 and HDL-3 in the control group (p = 0.003, 0.040, and 0.031, respectively) and in LDL-2 in the study group (p = 0.038). While IDL-C and LDL-2 were higher in pathological values of ICO, HDL-3 showed a modest but opposite trend ( Figure 6 ). In women with pathological ICO, no significant differences were recorded between representatives of the study group and the control group, except in the concentration of LDL-2 (p = 0.041). The difference in VLDL between women based on the ICO parameter was more pronounced in the control group (p = 0.007) compared to the study group (p = 0.041), and both were statistically significant. An ICO-dependent comparison pointed to significant differences in IDL-C, LDL-2 and HDL-3 in the control group (p = 0.003, 0.040, and 0.031, respectively) and in LDL-2 in the study group (p = 0.038). While IDL-C and LDL-2 were higher in pathological values of ICO, HDL-3 showed a modest but opposite trend (Figure 6 ). 
Discussion
For many years, regardless of HDL and LDL sub-fractions, it was believed that the cholesterol transported in HDL was "good", while the other included in LDL was "bad". Nowadays, recent research has changed this opinion, pointing to the importance of both HDL and LDL subfractions and focusing more on their composition and metabolisms. The emerging opinion is that the quality of HDL and LDL particles may be more important than their quantity. Several studies have clearly shown that individuals with predominantly small dense LDL particles, along with raised TAG and decreased HDL, are at increased atherosclerotic risk, even if their LDL-cholesterol concentration is not increased [4] . Ethnic and racial differences in risk factors, atherosclerosis and cardiovascular disease have also been reported [5, 6] .
The poor social and economic conditions of Roma living in settlements largely contribute to the occurrence of various metabolic disorders as well as a higher risk of CVD [7] . The life expectancy of Roma is around 12 years less than that of the majority population [8] . Based on the data collected in the HepaMeta project, 27.6% of examined Roma females and 26.9% of males are overweight [9] . They are more likely to smoke on a daily basis and are heavier smokers compared to the majority population. Nevertheless, in the same HepaMeta project, there are more Roma with physiological TC and LDL-C level compared to the majority population [3] , whilst precisely elevated TC and LDL-C concentrations are associated with atherosclerosis and a subsequent risk of CVD [10] .
This study focused on finding differences in the distribution of cholesterol in lipoprotein subfractions, since average values of TC and LDL-C in Roma are more convenient when compared to majority population of eastern Slovakia [3] , although they do not correlate with a higher risk of CVD in Roma [11] . In our study, the participants were selected to be representative of people with physiological and pathological values of the lipid profile both in the study group (Roma) as well in the control group (the majority population of eastern Slovakia). To optimize the predictive capacity of the lipid profile, some atherogenic indexes were defined, such as the AIP, WHR and ICO.
The major findings of this study are: at comparable average values of LDL-C concentrations among Roma and the majority population, there was a significantly lower concentration of 
The major findings of this study are: at comparable average values of LDL-C concentrations among Roma and the majority population, there was a significantly lower concentration of cholesterol in the non-atherogenic low-density lipoprotein fractions 1 and 2 in Roma compared to the majority population. The statistically significant lower concentration of HDL-C in Roma compared to the majority population was caused mostly by the low concentration of cholesterol in the atherogenic high-density lipoprotein fractions 8-10. Significantly different values of body weight and height between Roma and the majority population were not reflected in the average anthropometric/atherogenic BMI and WHR indexes, whilst Roma had slightly worse results, compared to the majority population.
The average value of the ICO index was pathological both in Roma men and women, but not in the majority population, and this difference was substantial in men and statistically significant in women.
The major advantage of the selected anthropometric variables-BMI, WHR and ICO-is their use in the evaluation of obesity and subsequent cardiovascular risk. Moreover, ICO is applicable in subjects who are shorter than the general population, and with its one common cut-off value, it is applicable for evaluation of central obesity across races and genders [12] . Our study confirmed the suitability of this index in Roma, as it pointed out many subjects with central obesity, even though they had physiological BMI. The categorization of the probands according physiological and pathological values of the selected anthropometric variables should serve to point out differences in lipoprotein fraction between Roma and the majority population. Differences in subjects with pathological values were expected; the emphasis was on finding a disparity in subjects with a physiological anthropometric variable. WHR was revealed to be the least reliable parameter in defining atherogenity, since a difference in lipoprotein distribution was found mostly in subjects with pathological values and less often between subjects with physiological values.
While recent studies favor ICO over BMI, our findings pointed to similarities in lipoprotein distribution in men when categorizing subjects based on ICO and BMI.
As is well known, increased VLDL and LDL are often associated with obesity. Representatives of majority men from eastern Slovakia with physiological values of ICO and BMI possessed higher values of VLDL, fractions of IDL, large LDL-1 and LDL-2 compared to the Roma. Therefore, in men of normal weight in the control group, greater cardiovascular risk in comparison to Roma men of normal weight is assumed. We consider the VLDL and the IDL particles in particular as contributing to the development of atherosclerosis, surprisingly not in Roma but in the male majority population without visible signs of overweight or obesity. On the other hand, when comparing subjects with pathological BMI or ICO, higher values of VLDL but lower LDL-1 and LDL-2 were detected in Roma men compared to the majority, which should be the result of an ethnic variation in VLDL metabolism. A significant difference was observed in the intermediate fractions HDL-6, HDL-7, as well in small HDL-8, with lower concentrations in Roma men, which is in accordance with our previous study [3] that highlighted the alarming low levels of HDL-C in Roma.
Although the average value of ICO in Roma women was pathological, just moderate differences in lipoprotein particle distribution were detected when comparing Roma women with or without central obesity. More differences were detected when comparing Roma women and majority women with physiological BMI values, mostly in intermediate HDL-5 and HDL-6 particles. This should be explained by the fact that BMI is not the most reliable variable in evaluating obesity among Roma, who are significantly shorter in height compared to the Slovak majority.
Our study is among the first describing the distribution of lipoprotein subfractions in different ethnic groups. The observed differences between Roma and the majority when considering the anthropometric variables BMI, WHR and ICO were mostly in the VLDL, IDL-A and LDL-2 fractions.
Gradient gel electrophoresis is a widely accepted method for measuring lipoprotein particle number and size. However, nuclear magnetic resonance (NMR) spectroscopy could provide additional important insights.
Conclusions
Evaluation of disease-risk based on purely basic biochemical measures or anthropometric variables is in today's rapidly changing multi-ethnic world insufficient. Increased attention should be paid to the quality of the respective HDL and LDL fractions as well as to the increasing quantity of the VLDL, especially in evaluation of the health status of different ethnic groups. Since lipoprotein subclasses are promising predictors of coronary disease, additional studies are needed to investigate differences in the distribution of these subclasses among various populations with different genetic background and lifestyles.
